The aim of this study was to investigate the association between A, B, O, Rhesus (Rh)-positive and Rh-negative blood groups and breast cancer in a nationwide cohort of 3,944 patients in Turkey.
Background
The ABO blood group antigens are expressed on the red blood cell membrane and the surface of other normal and pathological cells. Recently, there has been increasing research interest in the association between ABO blood group antigens and the association between certain types of human cancer, particularly with the with the risk of developing gastric and pancreatic and gastric cancer [1] [2] [3] [4] . Recent studies also have shown an association between ABO blood group and hemostasis, thrombosis, cardiovascular disease, as well as other cancer types [2] .
Worldwide, breast cancer is the most common malignancy in women, and there are known risk factors that are associated with breast cancer, including female sex, older age, family history, and molecular and gene associations. Although it is now known that the risk of a diffusely infiltrating type of stomach cancer is 20% higher in people with blood type A compared with people with blood type O, the association between blood groups and breast cancer risk and prognosis remains controversial [3] . Recent meta-analysis data has indicated that blood group A conferred an increased risk for developing breast cancer [4, 5] . However, because there are conflicting results about the association between ABO blood groups and breast cancer, the associations remain unclear [4, 5] . There are also several studies that suggest blood group has prognostic significance in breast cancer [6] [7] [8] [9] [10] . One study from Greece showed that individuals with blood group type A and who were also Rhesus (Rh)-negative were more likely to develop metastases following a diagnosis of breast cancer [11] . However, another study reported that patients with breast cancer with blood group type B or AB had poor survival and an increased risk of breast cancer recurrence [10] .
The aim of this study was to investigate the association between A, B, O, Rh-positive, and Rh-negative blood groups in a nationwide cohort of 3,944 patients diagnosed with breast cancer between 2004 and 2015 in Turkey.
Material and Methods
A nationwide retrospective review showed that between 2004 and 2015 in Turkey, a total of 4,691 patients were diagnosed with breast cancer, of which 3,944 patients with breast cancer had information on their blood group, type A, B, O, and Rhesus (Rh)-positive or Rh-negative.
Of these patients, hospital records or self-reports provided clinical data that were retrospectively collected for analysis. Clinical data included patient age, menopausal status, blood type A, B, O, and Rh-positive or Rh-negative status. The histopathological data on the breast cancer included the cancer type (ductal, lobular, or other), the grade, the tumor stage, the presence of lymph node metastases or distant metastases. ABO blood group data were also obtained, from healthy individuals with no known malignancy, from the Turkish Red Crescent to compare with the patient population.
Statistical analysis
All data were analyzed using the SPSS version 16 
Results
Between 2004 and 2015 in Turkey, a total of 4,691 patients were diagnosed with breast cancer, of which 3,944 patients with histologically confirmed breast cancer had information on their blood group: type A, B, O, and Rhesus (Rh)-positive or Rh-negative.
The 3,944 patients with breast cancer were blood group, type A, B, O, and Rh-positive or Rh-negative, with a median age of 47.9 years (range, 18.2-89.6 years). Of the patients studied, 99.5% (3923/3,844) were women, and 0.5% (21/3944) were men. The distribution of ABO and Rh blood group of patients was similar to the general healthy Turkish population. Table 1 summarizes the characteristics of the patients according to ABO blood group.
Analysis of study patient data using the chi-squared (c 2 ) test showed that patients with blood type 0 had a significantly smaller primary breast tumor size, or lower T stage (of the TNM staging classification) when compared with the other blood groups, which was confirmed using in multivariate analysis (P=0.007) (RR=0.69; 95% CI, 0.527-0.904).
The frequency of lobular breast cancer, overexpression of tumor cell estrogen receptor (ER), and the presence of metastasis were significantly increased in Rh-positive patients with breast cancer when compared with Rh-negative patients with breast cancer (Table 2 ). Multivariate analysis confirmed that distant metastases (P=0.007) (RR=1.63; 95% CI, 1.145-2.328) and the lobular histological type of breast cancer (P=0.047) (RR=2.21; 95% CI, 1.012-4.845) were significantly more frequent in Rh-positive patients with breast cancer when compared with Rh-negative patients with breast cancer.
Discussion
Because there was conflicting data in literature on the frequency of breast cancer individuals with different blood groups, the aim of this study was to investigate the association between A, B, O, Rhesus (Rh)-positive, and Rh-negative blood groups in a nationwide cohort of 3,944 patients diagnosed with breast cancer between 2004 and 2015 in Turkey. The findings of this study cohort showed that the distribution of ABO blood groups in patients with breast cancer was similar to that of the healthy Turkish population.
In a previously published small study, there were no significant difference in blood groups of human epidermal growth factor receptor 2 (HER2)-positive breast cancer patients and controls [6] . Also, Gates et al. prospectively studied 3,107 patients with breast cancer and found that there was no association between ABO blood group and breast cancer risk [7] . Also, a Korean study did not show any difference in the distribution of blood groups of young patients with breast cancer when compared with an age-matched healthy population [8] . However, a study from Morocco showed that the incidence of breast cancer was increased in patients with blood group type B [9] . Published data from a meta-analysis showed that Caucasians with blood group type A were at an 
4700
increased risk of developing breast cancer when compared with non-Caucasians [5] . These conflicting findings require clarification with large-scale, long-term, multi-center, controlled, and well-designed studies.
The present study was a large-scale, nationwide study. Analysis of patient data using the chi-squared (c 2 ) test showed that patients with blood type 0 had a significantly smaller primary breast tumor size (or lower T stage) when compared with the other blood groups, which was confirmed using in multivariate analysis (P=0.007) (RR=0.69; 95% CI, 0.527-0.904). However, this finding is not supported by a previously published study by Klimant et al. who showed that breast cancer patients with AB and 0 blood groups had larger tumor size when compared with patients with blood type A and B [10] .
Although there have been previously published studies that showed no difference between tumor size and blood group, if the findings of the present study are correct, it would be expected that patients with blood type O would be more likely to have a more favorable prognosis, and studies on patient survival in breast cancer and blood type are needed. Of interest is a study that is supportive of the findings of the present study, which was recently published by Park et 
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cancer who were <40 years-of-age, with blood group O had a more favorable prognosis [8] . However, tumor size is not the only prognostic factor for patients with breast cancer, and in the present study, no other significant associations were identified between ABO blood groups and factors that included patient age, breast tumor grade, stage, ER or HER2 status, nodal involvement, and distant metastasis. However, the findings of the present nationwide cohort study involving 3,944 women with breast cancer are consistent with those of the largest previously published study to date, published in 2012 by Gates et al. in a study that included 67,697 women, and that showed no association between ABO blood group and breast cancer risk or patient survival and no significant association between blood type and patient mortality due to breast cancer [7] .
Worldwide, the Rh-negative trait is less common than the Rh-positive trait. Stamatakos et al. showed that relative risk of metastasis in patients with breast cancer who were Rh-negative was 4.2 times greater than for Rh-positive patients, but this was from a study that included a small number of patients [11] . However, the findings of the present large-scale nationwide cohort study showed that distant metastasis was 1.6 times more common in Rh-positive patients compared with Rh-negative patients with breast cancer. Also, Stamatakos et al. reported that histologically confirmed ductal breast cancer was more common in Rh-positive patient groups when compared with Rh-negative patient groups but their study also included a small number of patients with breast cancer [11] . However, the findings of the present study showed that lobular carcinoma (rather than ductal carcinoma) histology was more commonly seen in Rh-positive patients when compared with Rh-negative patients. Also, the findings of the present study showed that Rh-positive patients had more breast cancers with a luminal type of histology compared with Rh-negative patients. A type A luminal breast cancer is one that overexpresses ER and/or progesterone receptor (PR), and a type B luminal breast cancer overexpresses ER, PR, and HER2 and has a high cell proliferation rate.
This study had several limitations. A retrospective study was undertaken of a Turkish population, which relied on archived data from patient records and there was a lack of long-term patient patients follow-up. Detailed outcome data was unavailable, including local recurrence or metastasis, which would have been data required to evaluate associations between blood groups and patient prognosis from breast cancer. However, to our knowledge, this was the largest cohort to have been studied in a Turkish population for the association between ABO and Rhesus blood groups and breast cancer.
Future studies are required to clarify the varied findings from the literature. Possible mechanisms for future study that might explain the association between cancer and blood group includes studies on Forssmann antigen which is structurally similar to the A antigen, and which has been studied in gastric and colonic mucosal changes, but has not been demonstrated in breast tissue [12] . Increased levels of some inflammatory mediators, including soluble intracellular adhesion molecule (ICAM)-1, E-selectin, and P-selectin might have a role in carcinogenesis or cancer progression in people with blood group A [13, 14] . A further area for future study is the association between the expression of the ABH antigen in breast ductal or lobular carcinoma cells that might be involved with cancerendothelial cell interactions and with metastasis and generation of an anti-tumor immune response [15] . Glycosylation is associated with AB0 blood group antigens and the link between glycosylation and carcinogenesis is a potential future area of study [16] .
Conclusions
The aim of this retrospective study was to investigate the association between A, B, O, Rhesus (Rh)-positive, and Rh-negative blood groups in a nationwide cohort of 3,944 patients diagnosed with breast cancer between 2004 and 2015 in Turkey.
The main findings of this study showed that the type, grade, stage, and hormonal status of breast cancer showed no significant associations with ABO blood grouping. However, breast cancer patients with blood type O had a smaller tumor size, and patients with breast cancer who were Rh-positive had more luminal-type breast cancers that were estrogen receptor (ER)-positive tumors and with more metastases. Further studies are needed to understand the role of blood group antigens in carcinogenesis, cancer progression, and patient prognosis in breast cancer.
